The study aimed at assessing the microbiological quality and suitability of roof-harvested rainwater (RHRW) for crop irrigation and domestic use. In total, 80 rainwater tanks (246 samples) across three rural villages (Ga-Molepane, Jericho and Luthngele) were visited. Culture-based techniques were used to isolate bacterial microbes and identities were confirmed using matrix-assisted laser desorption/ionization time of flight (MALDI-TOF-MS). Uncultured fungal populations were also identified using pyrosequencing. Salmonella spp. (3%), Listeria monocytogenes (22%), total coliforms (57.7%), Escherichia coli (30.5%), Enterococcus spp. (48.8%), Pseudomonas spp. (21.5%) were detected in RHRW samples after rainfall. Fungal sequences belonging to species known to cause fever, coughing and shortness of breath in humans (Cryptococcus spp.) were identified. This study indicates that RHRW quality can be affected by external factors such as faecal material and debris on rooftops. The use of untreated RHRW could pose a potential health risk if used for irrigation of crops or domestic use, especially in the case of a relative high population of immunocompromised
INTRODUCTION
Approximately 11% of the world's population is without access to quality clean water. Despite all the development and infrastructure, an estimated 1,800 million people will still lack access to safe water by 2025 (UN ). Due to current water shortages, the use of potable municipal drinking water for irrigation in South Africa is not encouraged (Gemmell & Schmidt ) . As a result, microbial quality of alternative water sources has received increased attention not only in South Africa but worldwide. Harvested rainwater is a realistic alternative source that can be used for irrigation and drinking purposes. Roof-harvested rainwater (RHRW) has been used for potable and non-potable purposes in many countries (Ahmed et al. The most frequently studied group of microorganisms with respect to microbial quality of water is bacteria. The presence of potentially pathogenic microorganisms, such as Listeria monocytogenes, Campylobacter spp., Salmonella spp., Escherichia coli (E. coli), Cryptosporidium spp. and Aeromonas spp. in RHRW has been reported (Ahmed et al. ; De Kwaadsteniet et al. ) . Fungi are usually ignored with respect to microbial quality of water, mainly because many disease outbreaks related to use of contaminated water are caused by pathogenic bacteria (Hageskal et al. ) . However, many fungal species have been detected in water including Fusarium oxysporum Schltdl., (Liu et al. ) . Therefore, this study aims to assess the microbiological quality of RHRW for irrigation and domestic purposes using culturable and non-culturable approaches for bacteria and fungi, respectively. In addition, the presence of potential human pathogens (bacterial and fungal) was also assessed as part of the microbial population.
MATERIALS AND METHODS

Study sites and sample collection
Sampling was conducted at three rural villages in South Africa: Ga-Molepane (Limpopo Province), Jericho (North West Province) and Luthengele (Eastern Cape Province).
All villages experience serious water shortages, hence the communities rely on RHRW. Ga-Molepane and Luthegele villages have no boreholes and households depend entirely on RHRW during the wet season supplemented with stream water during dryer months. Domesticated animals use the stream as a water source. Jericho village has boreholes which often are not adequate to supply the community with enough water for domestic use. At Luthengele village, leafy green vegetables (mainly cabbage) are grown but RHRW is not used for watering. In total, 246 RHRW samples were collected from water tanks during the 2013-2014 rainy seasons (September to May). The strategy was to sample before and after the onset of the main rainy season. Randomly selected households (80) were used for this study. Each site was visited twice in 2013 and repeated in 2014 following the same strategy, before and after onset of the rainy season and sampling from the same households. Sanitary factors, i.e., overhanging trees, animal faecal material and other debris were identified on the rooftops. Samples were collected from the outlet taps located close to the base of the water tanks, in sterilized 2 litre (L) bottle containers. Prior to collecting water samples, the tap was sterilized with 70% ethanol, and water was allowed to run for 30 to 60 s to flush out stagnant water from the tap (Ahmed et al. ) . After collection, the samples were stored on ice in cooler boxes during transportation. All samples were brought back to Pretoria University Plant Pathology Laboratories, and processed within 24 hr. and Pseudomonas from all sites was not significantly different before and after rainfall. Before the rainy season, total coliforms were more prevalent in water from Ga-Molepane (43%), followed by Luthengele (35%) and Jericho (31%).
Enumeration and isolation of bacteria
Total coliforms were more prevalent in water samples from Ga-Molepane (73.7%) while the least prevalence was detected in samples from Luthengele after rainfall (Table 1) . In total, 2 and 29 (before rainfall), 5 and 43 (after rainfall) RHRW samples tested positive for Salmonella spp. and L.
monocytogenes, respectively (Table 2) . Generally, the prevalence of L. monocytogenes and Salmonella spp. increased after rainfall at all sampling sites ( Table 2 ). The prevalence of L. monocytogenes was 18.2 (before rainfall) and 31.1%
(after rainfall) in RHRW samples from Jericho. Salmonella spp. was not detected before rainfall in water from Ga-Molepane and Jericho but was present after rainfall. The number of Salmonella positive samples increased (from 0 (before rainfall) to 2 (after rainfall)) in RHRW samples from Ga-Molepane.
Matrix-assisted laser desorption time of flight
Bacterial isolates from all sampling sites, as identified by MALDI-TOF-MS, were tabulated ( (Table 3) . Non-human pathogenic environmental bacterial isolates, among them, Acinetobacter spp. and
Anaerococcus spp., were also detected (results not shown).
Fungal pyrosequencing
At phylum level classification, fungal sequences were classified into five phyla (Figure 1) . These include Ascomycota, Based on observations during this study, RHRW was being contaminated with rooftop faecal material and dust. The source of this contamination was not specifically studied in this paper but it has been observed and previously In this study, heterotrophs were isolated in RHRW at all sampling sites in concentrations higher than recommended for domestic and irrigation purposes according to the Further, mycotoxins and other metabolites that are produced by these organisms have been detected in storage water tanks 
